Chitosan-activated carbon composite microspheres were prepared by emulsion cross-linking method and its adsorption properties for methyl orange were studied. Chitosan solution was mixed with activated carbon powder and then chitosan was cross-linked by epichlorohydrin under microwave irradiation. SEM photos show that the composite microspheres have diameters of 200-400 m and activated carbon powder dispersed on the surface of composite microsphere. FTIR spectrum indicates chitosan is successfully cross-linked. Microwave irradiation can effectively shorten the cross-linking time. Composite microspheres have enhanced dye adsorption capacity for methyl orange compared to chitosan microspheres. Kinetic studies showed that the adsorption followed a pseudo-second-order model. Isotherm studies show that the isotherm adsorption equilibrium is better described by Freundlich isotherm. Regeneration results show that adsorption capacity of composite microsphere decreased about 5.51% after being reused for three times. These results indicated that chitosan-activated carbon composite microsphere has potential application in the removal of dye from wastewaters.
Introduction
Dyes are widely used in industries such as textiles, leather, and paper. As a result, considerable amounts of colored wastewater are generated [1, 2] . Dyes in wastewater are harmful to environment due to their toxicity and difficulty of degradation.
Conventional methods of removing dyes from wastewater include adsorption, coagulation and flocculation, chemical oxidation, ozonation, activated sludge, electrochemical techniques, ion exchange, and membrane filtration [3] [4] [5] . Adsorption is a promising method to remove dyes from wastewater [6] [7] [8] because of its low cost and easy technical access [9] . In addition, adsorption can remove trace amounts of dye molecules in water compared to the conventional methods [10] .
Active carbon powder, an amorphous carbon material with high specific surface [11] , is a widely used adsorbent for the removal of various pollutants because of its low cost and high adsorption capacity [12] . However, used as adsorbent to remove dye from wastewater, activated carbon powder is difficult to be separated from wastewater and is difficult with regard to regeneration after adsorption [13] . To solve this shortage, people use complex of activated carbon to prepare composite [3] .
Chitosan is biodegradable and nontoxic biopolymer which is composed of -d-glucosamine and acetyl--dglucosamine residues with a 1,4 linkage [14] . Chitosan is used to adsorb various kinds of dyes especially anionic dye due to the amino groups of chitosan [15] . Chitosanactivated carbon composite has been used for heavy metal adsorption from water [12] . But a chitosan-activated carbon composite microsphere used for dye adsorption has never been reported.
Chitosan is usually cross-linked to avoid dissolution in acidic solutions and to fabricate microspheres [16] . In this study, chitosan was complex with activated carbon powder and then cross-linked under microwave irradiation. The structure and adsorption properties of microsphere for methyl orange were investigated. 
Materials and Methods

Agent and Facility.
Chitosan was supplied by Shanghai Lanji Science and Technology company (degree of deacetylation) > 90%; activated carbon was supplied by Liyang Zhuxi Activated Carbon company; span 80 was supplied by Sinopharm Chemical Reagent Co., Ltd.; acetic acid, liquid paraffin, formaldehyde, NaOH, epichlorohydrin, ethanol, and methyl orange are all analytically pure.
Preparation of Composite
Microsphere. Chitosan-activated carbon composite microsphere was prepared by emulsion cross-linking method. 2 g chitosan was dissolved in 2% acetic acid and then activated carbon powder was added and was agitated to dispersion. The mass ratios of chitosan/activated carbon are 10 : 1, 10 : 2, 10 : 3, 10 : 4, and 10 : 5. The above suspension was dispersed into 50 mL liquid paraffin, and then 5 drops of span 80 as emulsifier was added to the mixture. The mixture was stirred for 20 min to form water-in-oil (w/o) dispersion. Cross-linking reaction is composed of two steps. 2 Groups of Chitosan. 20 mL formaldehyde was dropped into the above mixture slowly and the pH of the mixture is adjusted to 10. Then mixture was reacted at 60 ∘ C for 15 min in Microwave Synthesis Workstation (Microwave Synthesis Workstation MAS-I: Sineo Microwave Chemistry Technology Co., Ltd.) to cross-link the chitosan. Then the microspheres were collected by removing the liquid paraffin and water from the mixture.
Protection of NH
Cross-Linking of Chitosan by Epichlorohydrin. 0.5 g epichlorohydrin was dissolved in 50 mL ethanol. pH of this solution was adjusted to 10 by 0.1 mol/L NaOH solution. Microsphere was added to the above epichlorohydrin solution and crosslinked by epichlorohydrin in Microwave Synthesis Workstation for 40 min at 80 ∘ C. The cross-linked microsphere was washed by distilled water for three times and dipped in 0.5 mol/L HCl solution to get rid of the Schiff base formed by formaldehyde. The microsphere was washed with distilled water to a neutral pH. Composite particles with chitosan/activated carbon mass ratios of 10 : 1, 10 : 2, 10 : 3, 10 : 4, and 10 : 5 were labeled as CA1, CA2, CA3, CA4, and CA5, respectively.
Chitosan Microspheres Preparation.
Chitosan microspheres were prepared as the above procedure but no activated carbon was added. Chitosan microsphere was coded as CA0. 
Characterization of the
In the equation, 0 is the initial concentration of methyl orange solution, is the concentration after adsorption, is the volume of solution, is the weight of microspheres (g), and is mass of adsorbed methyl orange per gram of microsphere.
Adsorption
Kinetics. 0.05 g CA4 was immersed into 100 mL 30 mg/L methyl orange solution at 25 ∘ C. At desired time intervals, 0.5 mL of dyes solution was taken out to detect the concentration of methyl orange using Vis spectrophotometer (VARIAN Cary 50) at wavelength of 466 nm. Absorbance capacity is calculated using (1). ∘ C, and 40 ∘ C, supernatant was taken out to measure the absorbance, and adsorption capacity was calculated.
Effect of the Temperature on Adsorption
Ability. 0.02 g of CA4 was placed in 50 mL (10 mg/L) of methyl orange solution, respectively. The above mixture stood for 72 h while keeping the temperature at 25 ∘ C. After adsorption, mixture was filtered and the residual concentration of the methyl orange was determined and the adsorption capacity of composite microsphere is calculated. Using the above procedure, adsorption capacity of CA2 at 25
∘ C, and 45 ∘ C was measured.
2.6. Regenerated Efficiency. CA1, CA2, CA3, CA4, and CA5 after adsorption were dipped into 0.5 mol/L NaOH solution to be regenerated. Then these composite microspheres were washed with distilled water to a neutral pH and dried in oven. These composite microspheres were recycled to adsorb methyl orange under the same adsorption conditions.
Results and Discussion
Composite Microsphere Preparation.
Epichlorohydrin as cross-linker will react with NH 2 groups or hydroxyl groups of chitosan which leads to reduction of amino groups [12] . However, amino groups are the main active sites of adsorption. So we need to protect the amino groups before cross-linking reaction. In this study, formaldehyde has been selected to protect the NH 2 groups of chitosan. Firstly, formaldehyde was reacted with NH 2 groups of chitosan to form Schiff base. Secondly, epichlorohydrin was reacted with hydroxyl groups of chitosan to cross-link the chitosan molecules and then hard microsphere was formed after cross-linking. At last, Schiff base was removed by 0.5 mol/L HCl solution and NH 2 groups of chitosan were recovered [17] . This process was illustrated in Figure 1 . Using this method, chitosan composite microsphere with high amino group content was obtained. Microwave irradiation has been widely used in various synthetic fields to assist reaction [18] . Compared to conventional heating method, microwave heating can shorten reaction time and lower energy consumption [12, 19] . Microwaveassisted heating was highly efficient for assisting cross-linking reaction. The total reaction time was reduced to less than 1 h compared with the traditional heating method with more than 6 hours of reaction time [17] . In CA4 FTIR spectrum (Figure 3 ), methylene vibrations (2906 cm −1 and 2847 cm −1 ) are enhanced obviously compared to chitosan. CH 2 scissoring (1422 cm −1 ) is also enhanced indicating chitosan reacted with epichlorohydrin to form more CH 2 groups. 1595 cm −1 , corresponding to amide II groups (N-H bending vibrations coupled to C-N stretching vibrations) [20] , is not weak compared to amide II groups in chitosan spectrum, indicating that the NH 2 groups are well protected. The absorption band of activated carbon was overlapped by CA4 spectrum.
TG curves for the activated carbon, chitosan, and composite microspheres (CA4) are presented in Figure 4 . The weight loss of CA4 below 100 ∘ C was ascribed to the removal of water. Between 200 ∘ C and 350 ∘ C, the rapid weight loss can be attributed to the decomposition of chitosan. Above 350 ∘ C, the weight loss corresponds to the degradation of residual chitosan and activated carbon. Figure 5 . With the increasing of content of activated carbon, the adsorption capacity of composite microsphere increased until the mass ratio of chitosan to activated carbon reached 10 : 4, and then the adsorption capacity decreased. The largest absorption capacity is 35.4 mg/g and is larger than chitosan microsphere (CA0) which has adsorption capacity of 15.6 mg/g. Composite microspheres have better adsorption capacities compared to chitosan microsphere CA0, which indicate that addition of activated carbon enhanced the adsorption of methyl orange. Activated carbon has been used as an adsorbent for removal of various dyes due to its porosity and large surface area. The increase of adsorption capacity of chitosan composite may be attributed to the porosity and larger surface area of the activated carbon. As shown in Figure 2 , we can see more activated carbon powder distributed on the surface of composite microsphere when content of activated carbon increased.
Adsorption Capacity. Adsorption capacity is shown in
When mass ratio exceeds 10 : 4, adsorption capacity decreased. The reason is that both the chitosan and activated carbon have the adsorption effect on methyl orange. Figure 5 shows that activated carbon powder (ACP) has larger adsorption capacity than chitosan microsphere (CA0). With the increase of activated carbon, more of activated carbon powder is embedded in the inner of microsphere instead of surface of microsphere which hinders the increase of adsorption capacity. Synergistic effect form by activated carbon and chitosan maybe is another reason to explain the largest adsorption capacity of CA4. Compared with nonamino protection composite microsphere (CE), protection of amino groups can effectively enhance the adsorption capacity. Figure 6 shows the adsorption effect of CA4. The slight color of Figure 6 (b) (after adsorption) reveals that the composite microspheres could effectively remove the methyl orange from water. The clear solution indicates that composite prevents the release of activated carbon powder into the water and prevents the second pollution of activated carbon powder to water. Figure 7 , adsorption occurred quickly in 8 h; after 72 h, the adsorption reached equilibrium. Pseudo-first-order model [21] and pseudosecond-order model [22] were used to analyze the adsorption kinetic and the results are represented by Table 1 . In Table 1 (hour); k 1 and k 2 are the rate constant. Table 1 also shows the correlation coefficient ( 2 ) of the linear form of pseudofirst-order model and pseudo-second-order model. 0.9912 of 2 shows that the pseudo-second-order model is more suitable to describe the adsorption kinetic behavior of chitosan composite microsphere. This kinetic behavior was in agreement with chitosan/montmorillonite composite used for adsorbing Congo Red and chitosan/oil palm composite used for adsorbing Reactive Blue 19 [23, 24] . Kinetic behavior of pollutants adsorbed by adsorbent is usually described by pseudo-second-order equation [6] .
Adsorption Kinetics. As shown in
Adsorption Isotherm.
Adsorption isotherm of CA4 to methyl orange was shown as Figure 8 . The adsorption capacity is increased with the increasing of concentration of methyl orange and decreased with the increasing of temperature. Langmuir model [25] and Freundlich model [26] are used to analyze the adsorption isotherm. Langmuir model is used to describe monolayer homogeneous adsorption; the expression is
In the equation, (mg/g) is the amount of dye adsorbed at equilibrium; (L/mg) is a Langmuir constant with absorbance energy; max (mg/g) is the saturated adsorption capacity.
The expression of Freundlich model is shown in
International Journal of Polymer Science In (3), (mg/g) is the Freundlich constant, related to adsorption capacity, and 1/ is factor of heterogeneous phase, related to adsorption strength.
The fitted curve is shown in Figure 9 and the fitting results are shown in Table 2 . As shown in Table 2 , the adsorptive behaviors on composite microsphere could be better represented by the Freundlich model in the concentration range studied (correlation coefficient, 2 > 0.99). This indicated that the methyl orange was adsorbed on the microsphere as a multilayer adsorption. The Freundlich model deals with adsorption on heterogeneous surfaces, which accord with the chitosan-activated carbon complex surface shown as Figures  2(c) and 2(d) . Figure 10 , we can see that the adsorption capacity of CA4 has the largest value of 21.96 mg/g at 30 ∘ C in methyl orange Table 3 . After three cycles of adsorptiondesorption, adsorption capacity of CA1 remained 94.49% of initial adsorption capacity at the end of the third cycles. These results indicated that the composite can be regenerated easily and withstand the adsorption ability. The composite microspheres with high content of activated carbon are hard to regenerate because of the hard regeneration of activated carbon.
Effect of Temperature on Adsorption Capacity. From
Conclusions
Chitosan composite microspheres were successfully prepared using emulsion cross-linking method under microwave irradiation. Results of SEM, FTIR, and TG indicated that complex of chitosan and activated carbon is successful. Composite microsphere has larger adsorption capacities than chitosan. The largest adsorption capacity is 35.4 mg/g for methyl orange (mass ratio of chitosan to activated carbon is 10 : 4). Kinetic studies showed that the adsorption followed a pseudosecond-order model. The adsorption is dependent on temperature and the best adsorption occurred at 30 ∘ C. Isotherm studied show that the isotherm adsorption equilibrium is better described by Freundlich isotherm. After reused for three cycles, adsorption capacity remained 94.49%. Therefore, the composite microsphere is promising for application in the removal of dyes from industrial wastewater.
